nov. is proposed.
Introduction
Rhizobia are bacteria of considerable ecological importance for their ability to reduce N 2 to ammonia which can be used by the host plants. In recent years, rhizobial species have been studied with increasing interest because complicated relationships among them, host plants and geographical origin were identifi ed . Until now, about 50 rhizobial species have been reported in 9 genera in α-Proteobacteria and 2 genera in β-Proteobacteria (Wang et al., 2006) . As the fi rst described species, Rhizobium leguminosarum was originally proposed by Frank (1889) and the nomenclature of bacteria classifi ed in the genus Rhizobium has changed considerably. At the time of writing, the genus comprises 29 recognized species, including the recently described species Rhizobium miluonense , R. multihospitium , R. pisi (Ramírez-Bahena et al., 2008) , R. fabae , R. oryzae (Peng et al., 2008) and R. alamii (Berge et al., 2009) . They have generally been isolated from nodules on leguminous plants but with some exceptions (Peng et al., 2008) .
Camptotheca acuminata Decne (Camptotheca, Happy tree), one of the major afforestation native tree species because of its rapid growth, is extensively distributed in South China. Camptothecin (CPT) is an anticancer drug obtained from the bark and stem of Camptotheca acuminata. For the purpose of higher production effi ciency, we tried to screen for possible camptothecin-producing bacteria from the rhizosphere soil immediately adjacent to the root of the tree Camptotheca acuminata Decne.
Materials and Methods
Bacterial strain and culture conditions. A bacterial strain, designated LXD30 T , was isolated on yeast mannitol agar (YMA) which contained the following (g L 1 ): Mannitol, 10; Yeast extract, 0.8; K 2 HPO 4 , 0.25; KH 2 PO 4 , 0.25; MgSO 4 ·7H 2 O, 0.2; NaCl, 0.1; Agar, 15. The pH was adjusted to 6.8 7.0 with 1 M NaOH. The organism was incubated at 28 C and routinely cultivated on YMA or in yeast mannitol (YM) broth at the same temperature under aerobic conditions. Stock cultures were maintained as a glycerol suspension (20%, w/v) at 70 C. Morphological, biochemical and physiological characterization. Cell morphology was examined using transmission electron microscopy (TEM) (model JEM-1011; JEOL) after 48 h growth in YM broth at 28 C. For TEM observation, cells were negatively stained with 1% (w/v) phosphotungstic acid, following by air drying. Gram-staining and endospore-forming features were ascertained according to the method described by Smibert and Krieg (1994) .
Growth at different temperatures and pH values, the degree of NaCl tolerance, utilization of carbon substrates and resistance to different antibiotics were investigated as described by Liu et al. (2008) , using YMA as the basal medium. Oxidase, catalase and phenylalanine deaminase activities and hydrolysis of casein, gelatin, Tweens 20, 60 and 80, CM-cellulose, aesculin, DNA and starch were investigated as described by Smibert and Krieg (1994) . Additional biochemical features were tested using API 20E kits (bioMérieux) according to the instructions of the manufacturer.
Harvesting of cells and extraction of fatty acids were carried out as described by Jarvis et al. (1996) and fatty acid analysis was carried out as described by Sasser (1990) following the instructions of the Microbial Identifi cation system (MIDI). Genomic DNA was extracted and purifi ed according to Yoon et al. (1996) and the DNA G+C content was determined using the thermal denaturation method (Cashion et al., 1997) .
Phylogenetic analysis. In order to analyze the phylogenetic position of the new isolate by the molecular approaches currently used for bacterial species defi nition, in addition to the 16S rRNA gene sequences, the core housekeeping genes recA and atpD were also sequenced. Amplifi cation and sequencing of 16S rRNA, recA and atpD genes were performed according to the method described by Cui et al. (2001) and Gaunt et al. (2001) , respectively. The sequence obtained was compared with available 16S rRNA, atpD and recA gene sequences retrieved from the GenBank using the BLAST program (http://www.ncbi.nlm.nih. gov/blast/) to determine an approximate phylogenetic affi liation. Phylogenetic analysis was performed using the software packages PHYLIP (Felsenstein, 1993) and MEGA version 3.1 (Kumar et al., 2001 ) after multiple alignment of the data by CLUSTAL_X (Thompson et al., 1997) . Distances (distance options according to the Kimura two-parameter model; Kimura, 1980 Kimura, , 1983 and clustering were based on the neighbor-joining (Saitou and Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge and Farris, 1969) methods. Bootstrap analysis (1,000 replications) was used to evaluate the topology of the neighbor-joining tree (Felsenstein, 1985) .
Results and Discussion

Phenotypic characteristics
Cells are Gram-negative, aerobic, non-spore-forming, rod-shaped (0.6 1.6 2.9 μm) with a single polar fl agellum (See Fig. 1 ). Colonies are 2.0 3.0 mm in diameter, convex, pearl white, circular, opaque and smooth after 3 days incubation on YMA agar. The strain LXD30 T grows at 15 34 C (optimum, 25 28 C) and pH 6.0 10.0 (optimum, pH 7.0). Positive for catalase, urease and phenylalanine deaminase, but negative for oxidase, β-galactosidase, lysine decarboxylase, arginine dihydrolase, arginine decarboxylase, ornithine decarboxylase, indole and H 2 S production, Voges-Proskauer reaction and nitrate reduction. Aesculin, and Tweens 20, 60 and 80 are hydrolyzed, but not starch, DNA, casein or gelatin. The carbohydrate utilization tests indicated that strain LXD30 T showed a wide nutritional spectrum for organic substrates (data are shown in species description). Tests that are useful for distinguishing strain LXD30 T from related species of the genus Rhizobium are shown in Table 1 . In regard to the most closely related species, the strain from this study differs from R. huautlense in growth at pH 10 and 40 C and growth in the presence of 2% NaCl; differ from R. cellulosilyticum in cellulase production, growth at 4 C and pH 10, growth at presence of 3% NaCl.
Cellular fatty acids of strain LXD30 T were C 16:0 (17.5%), C 16:0 3-OH (1.9%), C 19:0 cyclo ω8c (9.1%), summed feature 3 [C 12:0 (aldehyde?), unknown ECL 10.928, C 16:1 iso I and/or C 14:0 3-OH, 7.0%], summed feature 4 [C 15:0 iso 2-OH and/or C 16:1 ω7c, 2.9%] and summed feature 7 (C 18:1 ω7c/ω9t/ω12t, 58.3%). Summed feature 7, the major fatty acid found in species R. huautlense and R. galegae (Quan et al., 2005) , was also the major fatty acid component of strain LXD30 T , comprising 58.3% of the total, which provided decisive evidence for the affi liation of strain LXD30 T to the genus Rhizobium.
Phylogenetic analysis
The almost complete 16S rRNA gene sequence of strain LXD30 T (1,476 bp) was obtained. Phylogenetic trees obtained with different algorithms were identical with respect to the position of strain LXD30 T , which falls in a subcluster of the genus Rhizobium, which comprises the type strains of R. huautlense SO2 T (16S rRNA gene sequence similarity of 96.4%), R. cellulosilyticum LMG 23642 T (96.4%) and R. galegae ATCC 43677 T (96.1%). None of the reference taxa had a sequence similarity to the new isolate above the 97% recommended cut-off value for differentiating bacteria at the species level (Stackebrandt and Goebel, 1994) . A neighbor-joining tree based on the 16S rRNA gene sequences of the Rhizobium species is shown in Fig.  2 . We also determined partial recA (546 bp) and atpD (541 bp) sequences for the isolate LXD30 T . The results of the recA gene sequence analysis support the phylogenetic position of strain LXD30 T within the genus Rhizobium (See Fig. 3 Fig. 4) . The low recA and atpD sequence similarities between strain LXD30 T and its closest neighbors from the 16S rRNA gene sequence analysis, R. cellulosilyticum LMG 23642 T , R. huautlense SO2 T and R. galegae ATCC 43677 T , indicate that the new isolate represents a distinct Rhizobium species.
The DNA G+C content of strain LXD30 T was Quan et al. (2005) .
Strain: 1, R. kunmingense sp. nov. LXD30 T (present study); 2, R. huautlense SO2 T (Wang et al., 1998) ; 3, R. cellulosilyticum LMG 23642 T (García-Fraile et al., 2007) ; 4, R. galegae ATCC 43677 T (Lindström, 1989) . +, positive; w, weakly positive; , negative; ND, no data available.
Vol. 56 SHEN et al. 59.3 mol%, which lies within the range of values reported for the Rhizobium species (Jordan, 1984) and is slightly higher than value recorded for R. huautlense SO2 T (57 mol%; Wang et al., 1998) and R. cellulosilyticum LMG 23642 T (57 mol%; García-Fraile et al., 2007) .
On the basis of the polyphasic data presented above, strain LXD30 T should be assigned to the genus Rhizobium as the type strain of a novel species, for which the name Rhizobium kunmingense sp. nov. is proposed.
Description of Rhizobium kunmingense sp. nov.
Rhizobium kunmingense (kun.ming.en se. N.L. neut. adj. kunmingense pertaining to Kunming in Yunnan Province, China, the source of the type strain).
Gram-negative, aerobic, non-spore-forming, rodshaped cells (0.6 1.6 2.9 μm) with a single monopolar fl agellum. After 3 days incubation on YMA agar, colonies are 2.0 3.0 mm in diameter, convex, pearl white, circular, opaque and smooth. Grows at 15 34 C (optimum, 25 28 C), at pH 6.0 10.0 (optimum, pH 7.0) and with 0 2% NaCl (optimum, 0 1%). Positive for catalase and phenylalanine deaminase, but negative for oxidase. In API 20E tests, positive for urease. Negative for β-galactosidase, lysine decarboxylase, arginine dihydrolase, arginine decarboxylase, ornithine decarboxylase, indole and H 2 S production, VogesProskauer reaction and nitrate reduction. Resistant to lincomycin (2 μg/ml), but sensitive to streptomycin (10 μg/ml), penicillin G (10 IU), ampicillin (10 μg/ml), chloramphenicol (30 μg/ml), erythromycin (15 μg/ml), tetracycline (30 μg/ml), ofl oxacin (5 μg/ml), amoxicillin (10 μg/ml), cefamezin (30 μg/ml), rifampicin (5 μg/ml), gentamicin (10 μg/ml), ceftazidime (30 μg/ml), vancomycin (30 μg/ml), kanamycin (30 μg/ml), neomycin(30 μg/ml), carbenicillin (100 μg/ml) and polymyxin B (30 μg/ml). The major fatty acids are C 16:0 (17.5%) and summed feature 7 (C 18:1 ω7c/ω9t/ω12t, 58.3%). The G+C content of the DNA is 59.3 mol%.
The type strain is LXD30 T (=KCTC 22609 T =CGMCC 1.8903 T ), isolated from a soil sample from the rhizosphere of Camptotheca acuminata Decne. Bootstrap values (expressed as percentages of 1,000 replications) 50% are shown at the branch points. Bar, 0.01 substitutions per nucleotide position.
